INTRODUCTION
Hepatitis C virus (HCV) is currently the main cause of end stage liver disease in the Western world. Remarkably, HCV is the only chronic viral infection in humans that can be cured. [1] [2] [3] [4] The recent development of direct acting antivirals (DAAs) active against several targets in the HCV replication cycle has revolutionized HCV therapy. Indeed, sustained virological response (SVR) rates well above 90% have been reported in several phase III clinical trials and real-life observational studies, mostly from United States and Europe. Use of DAA therapy has only recently started in Latin America and there are still few real-life reports regarding the efficacy of this new treatment modality in the region. Thus, the purpose of the present study is to describe the SVR rate with different DAA regimens used for treatment of compensated chronic hepatitis C patients in three hepatology outpatient clinics in Southern Brazil.
MATERIAL AND METHODS
Since February 2014, consecutive compensated chronic HCV infected patients age 18 or older treated with DAA therapy from three hepatology outpatient clinics in South- ern Brazil, one in São Paulo (Pró-Fígado) and two in Porto Alegre (Pró-Fígado Sul and Hospital Moinhos de Vento), were included in this observational cohort study.
Patients were included if they had at least 12 weeks follow-up after the end of therapy. Patients that were lost to follow-up or had treatment prematurely interrupted for any reason were considered treatment failure in this intention to treat analysis. At baseline, demographic data (gender and age) and clinical data (disease stage, HCV genotype and previous therapy) were collected. The following DAA regimens were used for 12 or 24 weeks: sofosbuvir (SOF) + ribavirin (RBV); SOF + simeprevir (SMV) ± RBV; SOF + pegylated interferon (PEG-IFN) + RBV; SOF + daclatasvir (DCV) ± RBV; SOF + ledipasvir (LDV) ± RBV, and paritaprevir/ritonavir + ombitasvir + dasabuvir (PTVr/OBV/DSV) ± RBV. The decision of treatment regimen was left entirely to the physician in charge of the patient, considering the availability of the drugs in Brazil. This study was conducted before drugs were available in the Brazilian Public Health System; therefore patient's ability to pay for the medication was also an issue in the decision process. There was no treatment protocol agreed by the participants and regimens were used according to published data at the time of treatment initiation. All physicians were highly experienced in HCV therapy and checked for interactions using Liverpool Hep Drug Interactions database (http://www.hep-druginteractions.org/) before starting therapy.
The liver disease stage (cirrhosis or no cirrhosis) was defined using biopsy or elastography (≥ 12.5 kPa). Main outcome was SVR-12 defined as undetectable HCV RNA using real time PCR with lower limit of detection (LLQ) < 15 IU/mL recorded at least 12 weeks after the end of treatment. Patients with eGFR < 30 or end stage renal failure or kidney transplant were not included. Patients with liver transplant and HIV co-infection were allowed in the cohort. Assessment of resistance associated substitutions (RAS) related to the most important RAS of the NS5A region (Y93H) was performed in 3 of 6 patients that failed a regimen including an NS5A drug. RAS detection was done using population sequencing with the Sanger method (20% cut-off). All analyses were conducted according to intention to treat.
The protocol was approved by Institutional Review Committee and conducted in accordance with the Declaration of Helsinki. All authors had complete access to the study data, reviewed and approved the final manuscript.
Results were reported as means with standard deviation and range. Proportions were used for descriptive statistics. χ 2 test was used for dichotomous variables, with p < 0.05 defining statistical significance. Statistical analysis was conducted using IBM SPSS Statistics 20.
RESULTS
A total of 219 chronic HCV infected patients treated with DAA therapy between February 2014 and April 2016 comprise the population of this real-life cohort study: 218 had an HCV RNA result twelve weeks after the end of therapy and one patient interrupted therapy. There was no major difference detected in patients characteristics among the three centers involved in the study, therefore data was decided to be shown altogether. Demographic and clinical data are depicted in table 1. Similar to other reported series, there was a male predominance and most patients were Caucasians infected with HCV genotype 1. It is important to highlight that almost half of all the patients included were genotype 1b. For most patients (188/219) liver stiffness was measured using transient hepatic elastography. Results showed significant fibrosis in most of our patients: mean 14.9 ± 12.0 kPa; median 10.8 kPa; range 3.5-69.1 kPa. Among the 96 patients with cirrhosis, 79% had MELD scores < 10, and 95% < 12. Only two patient were decompensated in the beginning of treatment, with MELD scores of 22 and 25.
Posttreatment HCV RNA result at least 12 weeks after the end of treatment was available for 218 patients. In one patient this data was not available because he died during treatment and was considered as treatment failure.
Among 219 patients, SVR was achieved by 208 (95%). weeks and the other with SOF + PEG + RBV 12 weeks. Table 6 describes all 11 patients that did not achieve SVR, including one patient that died during therapy of a non-established cause. It was observed that all failures were due to relapse and 10 of 11 had one of the following characteristics: genotype 1a, genotype 3, and/or cirrhosis. Unexpectedly, there was one patient with genotype 1b, treatment naïve and without cirrhosis that failed therapy in the present study. All patients completed therapy, except for the one that died. No patient interrupted therapy due to adverse event. There was no hepatocellular carcinoma or liver decompensation during the study period, but data regarding the occurrence of these events during follow-up after the end of therapy were not systematically reviewed.
DISCUSSION
The present study confirms the high efficacy of DAA therapy which was already reported in phase III trials and other real world observational studies. The majority of patients in this study were genotype 1, followed by genotypes 3, 2 and 4, reflecting the HCV genotype distribution in Brazil.
Overall SVR was 95%, being slightly higher in noncirrhotic compared to cirrhotic patients. The only group with somewhat suboptimal response was comprised of genotype 3 cirrhotic patients, which showed SVR below 90%. This observation confirms other reports, corroborating the fact that this is currently one of the most difficult populations to cure with the available DAA regimens. 9, 10 Interestingly, among patients with genotypes 1 and 2 there was no major difference in SVR 12 between cirrhotic and non-cirrhotic, independent of DAA regimen used. On the other hand, genotype 3 patients showed an SVR absolute difference of 7.2% between cirrhotic and non-cirrhotic.
Ribavirin use and treatment duration was determined by the attending physician. There was no remarkable difference in SVR-12 related to these variables. However this data has to be taken with caution due to the small number of patients in some arms of the subgroup analysis. Therefore, a definite conclusion on the role of ribavirin use and extending therapy beyond 12 weeks cannot be established based solely on the basis of our findings. Nevertheless, we examined our sample of 28 genotype 1 cirrhotic patients treated with SOF + SMV ± RBV for 12 weeks and did not detect a significant difference in SVR-12 rate regarding RBV use or not (90 vs. 88.9%, respectively).
This result seems to indicate that RBV does not influence SVR with this regimen and replicates the findings of other real-life studies. [19] [20] [21] [22] [23] [24] Nevertheless it is important to highlight that SVR rates reported with this regimen in cirrhotic patients with genotype 1 was higher among Real Life studies from Europe [22] [23] [24] [25] [26] compared to the ones conducted in the United States, 18, 21 probably reflecting the proportion of genotype 1a with Q80K mutation in the study population. We did not look for baseline resistance substitutions in this cohort, however most of our patients were genotype 1b and Q80K seems to be infrequent in Brazil. 27 However the fact that the phase III trial with SOF + SMV for 12 weeks in compensated HCV cirrhotic patients with genotype 1 did not include an arm with RBV leaves this question still open for interpretation. 6 Interestingly, all cirrhotic patients treated with SOF + SMV ± RBV for 24 weeks achieved SVR in our study.
Regarding our 15 cirrhotic patients with genotype 3 treated with SOF + DCV ± RBV for 12 or 24 weeks, we could not detect an influence of either duration of therapy or RBV use in SVR-12, probably due to the small sample size in this subgroup. Nevertheless, the fact that less than 80% of our genotype 3 cirrhotic patients achieved SVR-12 with this regimen indicates the need of further improvement in interferon-free therapy for this population. This result is in agreement with other reports from phase III trials and Real World cohorts that found suboptimal SVR rates in this most difficult to treat population. In this regard, the results from our region do not differ from other parts of the world. 9, 10, 19, 20 Indeed, Nelson, et al. 9 in the ALLY-3 phase III study found an SVR rate of only 63% among HCV genotype 3 cirrhotic patients treated with SOF + DCV for 12 weeks without RBV. Remarkably, addition of RBV and/or extension to 24 weeks seems to improve SVR rate in this patient population to 80-90%, as shown in the ALLY-3 plus 10 and European Compassionate Use Program. 19 On the other hand, the 70% SVR rate showed in the United Kingdom experience probably reflects the more advanced stage of the cirrhotics included in that study. 20 Regarding DAA experience in Latin America, there are a few preliminary reports that have been presented mainly as abstracts in regional meetings ( Table 7) . The limitation of real-life studies such as the present work resides mainly in the fact that it is non-randomized, allowing for selection bias. This study was conducted before the Brazilian Ministry of Health started providing free therapy, patients included in this cohort represent mainly private patients that had access to therapy through their personal insurance or out of pocket. These patients comprise a large segment of the Brazilian population, however we cannot affirm that they represent the whole population of HCV infected patients in Brazil. On the other hand, the high number of patients included tends to compensate for that. Except for the lower SVR rate observed in genotype 3 patients with cirrhosis, we could not find significant clinical or laboratory differences that impact on SVR rates among patients treated with DAA regimens used in the present study. It is important to note that the overwhelming majority of the 11 patients who failed therapy in our cohort had at least one of the following negative predictors of response: cirrhosis, genotype 1a or genotype 3. In fact, among all non-cirrhotic patients with genotype 1b there was only one with virological failure, confirming that this population is currently one of the easiest to cure with the available DAA regimens.
Finally, it is our conclusion that real-life experience with DAA therapy in compensated chronic HCV infected patients from Southern Brazil showed a high rate of SVR and excellent tolerability, despite the high frequency of patients with cirrhosis and previous failure to interferon based therapy included in the study population. The remarkable efficacy and tolerability of the DAA regimens used in our cohort is in full agreement with the published phase III trials. Results such as this renew our hope that this new therapeutic modality, coupled with measures to increase diagnosis and access to care, will eventually achieve the ultimate goal of eliminating HCV as a threat to public health worldwide.
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